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Cancer remains a leading cause of 
death in the United States
Cancer
[National Vital Statistics Report, vol. 61(4) (2013)]















We are studying two methods with 





Magnetic fluid hyperthermia can slow 


























Ferrofluid particles for bioheating
should be small
[nanosonic.com]

































Magnetic nanoparticles can be 
composed of a single domain
Superparamagnetic
Particles
[R. J. Tackett, Ph.D. 
dissertation (2008)] 
Superparamagnetic particles have 
thermally-unstable magnetization
Video content has been removed for copyright reasons. 









Magnetic nanoparticles heat up in 







 0 exp /N m BKV k T  3 /B h BV k T 
Moments Particle
Video content has been removed for copyright reasons. 
Content may be viewed at 
http://www.youtube.com/watch?v=SzzI-cWLI2M
Magnetic heating can be dramatic!
Video content has been removed for copyright reasons. 
Content may be viewed at 
https://www.youtube.com/watch?v=7ipZ4vdivbU


















[C. Peeraphatdit, M.S. thesis, Iowa State Univ. (2010), based on theory of Rosensweig, J. Magn. Mag. Mat. 252, 370 (2002)]




















[Mosher et al. (2015)]











Particles are coated to prevent 











[Mosher et al. (2015)]
[Veiseh et al, Adv. Drug. Deliv. Rev. 62, 284-304 (2010)]
Result: Fe3O4 Nanoparticles








































a = 8.36 Å
20 nm



















[Mosher et al. (2015)]
13.4 4.7 nmd  
Heating amount depends on 
frequency of oscillating field
10 mg/mL 
single size Fe3O4, 
10 kA/m field
(calculated)
































[Mosher et al. (2015)]
Copper 
coil
Temperature curves were recorded with & 




































Magnetic Field On Magnetic Field Off
[Mosher et al. (2015)]
Heating per unit mass shows a 
temperature dependence














~10 % decrease in SAR 
over the temperature interval















~20 % decrease in SAR
over the temperature interval
[Mosher et al. (2015)]
MFH+radiotherapy has extended survival 





[Maier-Hauff et al, J. Neurooncol 81, 53 (2007); Maier-Hauff et al, J Neurooncol 103, 317 (2011)]
Post-recurrence survival increased from 6.2 to 13. 4 months.
In vitro testing of cancer cells showed 3 min. 
exposure resulted in 90% death rate.
Magnetic fluid hyperthermia may 
provide a therapy for eye cancer
Healthy Retina Retinoblastoma
[Preliminary data from collaboration with H. Demerci et al at Kellogg Eye Center, University of Michigan]
Eddy Current Heating




[DeNardo et al., J. Nuclear Med. 48, 437‒444 (2007) ] 
Delivery & Uptake
[Giustini et al., Nanotechnology 22, 345101 (2011)] 
Liver Spleen
Technologies enabling targeting have 








Biomedical ultrasound traditionally has 















[Bubble collapse: Prentice et al, Nature Physics 1, 107 (2005)]
[Oscillating bubble: http://www.brandaris128.nl
Jet
Ultrasound-stimulated microbubbles can 
activate drug delivery
[courtesy of Philips Research, http://philips.mediaseed.tv]
1  Clinical Context 2  Microbubble Injection
3  Ultrasound Activation 4 Drug Delivery  
Skin cancer chemotherapy can be 
enhanced with ultrasound
Eyelid melanoma treated with 
the drug, bleomycin, in a mice
[Sonoda et al, Cancer Biol. Therapy 6, e1‒ e6 (2007)]
1
We are investigating a hybrid method: 
Magnetic microbubbles
[Cai et al, Theranostics (2012)]
























[Magnet image: Knight, 3rd ed. (2013)]
Ultrasound can transiently disrupt the 
Blood-Brain Barrier (BBB)
[McDannold et al., Phys. Med. Biol. 51, 793-807 (2006)] [Hynynen, Adv. Drug. Deliv. Rev. 60, 1209‒17 (2008)]
T1-weighted MRI (Gd) 
BBB needs to be 
opened to treat brain 
diseases and enhance 
permeability of the 
tumor periphery
Ultrasound can also be used to cause 
tissue hyperthermia and ablation.




Magnetic fluid hyperthermia and 
ultrasound-mediated therapy have the 
potential to improve upon the current 
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